Background: "Failure to rescue" patients with complications is a factor contributing to high mortality rates after elective surgery. In trauma, where early deaths are the primary contributors to a trauma center's mortality rate, the rescue of patients with complications might not be related to overall trauma center mortality. We assessed the extent to which trauma center mortality was reflected by the center's ability to rescue patients with major complications. Methods: Data were derived from the National Trauma Databank, and limited to adults with an Injury Severity Score Ն9 and to centers with adequate complication reporting. Regression models were used to produce center-level adjusted rates for mortality and complications. Centers were ranked on their adjusted mortality rate and divided into quintiles. Results: Of 76,048 patients, 9.6% had a major complication and 7.9% died. The mean complication rate in the quintile of centers with the highest mortality rates was 11.1%, compared with 7.7% in the quintile of centers with the lowest mortality rates (p ϭ 0.03). In addition, mortality among patients with complications differed significantly across quintiles. The mean mortality among patients with complications was 20.3% in the quintile of centers with the highest overall mortality rates, compared with 11.1% in the quintile of centers with the lowest overall mortality rates (p Ͻ 0.001). Conclusions: Unlike reports from elective surgery, complication rates after severe injury differ across centers and parallel mortality rates. Centers with low overall mortality are more successful at rescuing patients who experience complications. A lower risk of complications and better care of those with complications are both at play in high-performing trauma centers.
A cute care hospitals must meet standardized criteria and undergo a rigorous process of external verification before becoming designated trauma centers. 1 Despite this verification process, which aims to ensure consistent, high quality care for all injured patients, mortality varies considerably across trauma centers. 2, 3 Recognition of variation in performance across trauma centers has led the American College of Surgeons Committee on Trauma to establish the Trauma Quality Improvement Program. This external benchmarking program compares risk-adjusted mortality across trauma centers and has, as its vision, to improve quality of care through the identification of structures and processes of care associated with high performing centers. 2, 3 However, those most relevant to reducing mortality and morbidity after severe injury remain to be identified.
Previous reports in the elective surgical setting suggest that variations in the management of surgical complications contribute significantly to the differences in postoperative mortality rates observed across centers. 4, 5 Specifically, although complication rates after elective surgery are relatively stable across centers, the mortality associated with these complications appears to vary considerably across institutions. 4, 5 These findings support the hypothesis that a center's ability to identify and "rescue" patients with postoperative complications is associated with improved performance, and "failure to rescue" patients with complications accounts for a substantial proportion of postoperative deaths.
Complications after trauma center admission increase patient morbidity, mortality, and hospital costs 6 -8 but the extent to which the failure to rescue these patients contributes to variations in mortality across centers is not clear. In contrast to elective surgical procedures, there are several reasons why variations in mortality rates among patients with complications might be unrelated to overall trauma center mortality. First, the majority of deaths in trauma occur in the hours immediately after injury, which suggests that deaths among patients with complications might play a relatively minor role in a trauma center's mortality rate. 9 Moreover, the overall rate of complications among injured patients, and opportunities for prevention of these complications, differs markedly from those seen in the elective setting. Finally, outcomes after trauma-related complications may be less modifiable, and rescue of patients may therefore be unrelated to overall quality of care. Given these uncertainties, we set out to evaluate trauma centers' ability to rescue patients with complications to determine whether this was a factor explaining variations in mortality rates across centers.
PATIENTS AND METHODS
We performed a retrospective cohort study of severely injured patients in the National Trauma Databank (NTDB) of the ACS, and evaluated the relationship between trauma center complication rates, overall mortality rates and the mortality rates among patients with complications.
Inclusion and Exclusion Criteria
Level I and II trauma centers with ACS or state designation and contributing data to NTDB (version 8.2) in 2007 were included. We limited our analyses to centers contributing at least 200 patients to the cohort. In addition, centers were limited to those contributing Abbreviated Injury Scale (AIS) scores for at least 90% of patients and comorbidities for at least 20% of patients, to ensure robust risk adjustment. As one of the primary objectives of this study was to assess the relationship between hospital mortality and complication rates, centers that did not report at least one pneumonia or urinary tract infection were excluded.
At eligible centers, we identified patients aged 16 years and older with an Injury Severity Score (ISS) of Ն9. Patients with an Emergency Department (ED) discharge disposition of dead on arrival were excluded. Patients injured as a result of poisoning, suffocation, drowning, overexertion, environmental causes or burns were also excluded. We excluded patients aged 65 years and older with isolated hip fractures as a consequence of a fall, as inclusion of these patients in trauma registries varies across centers. 10 Patients with isolated hip fractures were identified as those having AIS 98 codes corresponding to hip fractures (851810.3, 851812.3, and 851818.3) in the absence of other significant injuries.
Major complications were identified among patients surviving at least 2 days. Patients with a length of stay of 1 day were not included in calculations of complication rates. A major complication was defined as systemic sepsis, pneumonia, pulmonary embolism, acute respiratory distress syndrome, acute renal failure, or cardiovascular complication (cardiac arrest, myocardial infarction, and cerebrovascular accident). These complications have previously been identified as having the highest attributable mortality among trauma patients. 6 ICD-9 diagnoses were used to supplement information coded in the NTDB complications field. 6 
Study Outcomes
Risk-adjusted mortality rates were calculated for each center. First, a logistic regression model was developed to predict the expected number of deaths at each center, after adjustment for baseline patient and injury characteristics. This model incorporated patient age, gender, race, number of comorbidities, mechanism of injury, ISS, motor Glasgow Coma Scale (mGCS) score in the ED, shock in the ED (systolic blood pressure Ͻ90 mm Hg), transfer status, and severe injury (AIS Ն3) in the head, chest and abdominal regions.
The predicted probability of death for each patient was summed at the center level to obtain a predicted mortality rate for each center. In addition, the predicted number of deaths at each center was compared with the observed number of deaths, producing an observed to expected (O/E) mortality ratio. Each center's O/E mortality ratio was multiplied by the overall mortality rate in the study cohort to yield a riskadjusted mortality rate at each center. Finally, centers were divided into quintiles of risk-adjusted mortality.
In addition to mortality rates, risk-adjusted complication rates were calculated across centers. Although in previous reports examining the relationship between center mortality rates and complication rates, complication rates were not riskadjusted, 4,5 the possibility of a heterogeneous case mix across centers in the present study necessitated adjustment of complication rates to account for relevant confounders. In addition, previous reports suggest that the absence of appropriate risk adjustment can lead to spurious associations between hospital mortality rates and complication rates. 11 To calculate risk-adjusted complication rates, a logistic regression model predicting the expected number of major complications at each study center was developed. In addition to the covariates included in the regression model for mortality, patients' pre-existing comorbid conditions, as defined in the National Trauma Data Standard, were also included. Comorbidities included in the model included cardiovascular comorbidities (congestive heart failure, angina, myocardial infarction, and hypertension), pulmonary comorbidities, diabetes mellitus, chronic renal failure (requiring or on dialysis), alcoholism, and obesity. Using this model, an O/E complication ratio was derived for each center, and was used to calculate riskadjusted complication rates for each institution.
Finally, a third logistic regression model was constructed to calculate the predicted probability of death among patients who experienced a complication. Covariates included in this model were age, gender, race, mechanism of injury, ISS, mGCS score in the ED, shock in the ED, transfer status and severe injury (AIS Ն3) in the head, chest and abdominal regions. In addition, pre-existing comorbidities (cardiovascular comorbidities, pulmonary comorbidities, neurologic comorbidities, diabetes mellitus, chronic renal failure, alcoholism, obesity and malignancy) were included in the model. Risk-adjusted mortality among patients with complications was calculated for each center, using the same strategy as described previously.
We considered the possibility that differences in the incidence of complications across centers, rather than differences in the management of complications, might largely explain differences in mortality across hospitals. If this were the case, adjusting for the incidence of a complication would reduce variations in mortality rates across centers. With this hypothesis in mind, we reproduced our calculations of hospital risk-adjusted mortality, with and without incorporating the incidence of complications in our risk adjustment model. rates among patients with a complication, were then compared across quintiles of overall hospital mortality. In addition, mortality rates adjusted for the incidence of complications were compared across quintiles of overall hospital mortality.
Statistical Analysis
At the patient level, means and standard deviations were calculated for continuous variables and absolute and relative frequencies were measured for discrete variables. Given the large sample sizes, comparisons across groups will virtually always result in p values Ͻ0.05 for differences that will be of no clinical significance. Thus, continuous and categorical variables were compared using the standardized difference. Standardized difference of Ͻ10% represents negligible imbalance in the covariate across groups. 12, 13 At the institution level, medians and interquartile ranges were calculated for continuous variables and absolute and relative frequencies were measured for discrete variables. Medians were compared using the Kruskal-Wallis test, and proportions were evaluated using the 2 test. Mortality and complication rates across quintiles were compared using two-way analysis of variance; p values of Ͻ0.05 were considered statistically significant.
Risk-adjustment models were developed with logistic regression using the covariates described above. Shock status and mGCS was missing for 3% and 9% of patients, respectively; missing values were estimated using single imputation. Model discrimination was estimated using the c-statistic. The c-statistic (area under the receiver operating characteristic curve) was 0.9 for overall mortality (excellent discrimination), 0.8 for complications (good discrimination) and exceeded 0.7 for mortality among patients with complications (fair discrimination). Adequacy of model calibration was demonstrated using calibration curves. All data were analyzed using SAS (version 9.1, Cary, NC).
RESULTS
We identified 76,048 patients across 115 Level I and Level II centers. The overall mortality rate in our patient population was 7.9% (n ϭ 5,980), and the rate of major complications was 9.6% (n ϭ 7,274). The most frequent complications were pneumonia (5.9%), acute respiratory distress syndrome (2.4%), and sepsis (1.8%). The least common complications were cardiovascular complications (1.8%), acute renal failure (1.2%), and pulmonary embolism (0.7%). Centers were divided into quintiles of performance based on risk-adjusted mortality rates. When comparing patients at centers in the highest and lowest quintiles of mortality, they differed significantly in age and in the frequency of comorbidities, race, transfer status, and mechanism of injury (Table  1) . However, across quintiles, there were no significant differences in injury severity, mGCS, incidence of shock or severe injury in the head, chest, or abdomen region (Table 2) . Finally, to assess whether the case mix was comparable across quintiles of hospital performance, we compared the mean predicted mortality rates across quintiles. There was no statistically significant difference in mean predicted mortality rates across quintiles ( Table 3 ), suggesting that the probability of death across the quintiles should be the same, which reflects that any observed differences in case mix across quintiles do not contribute to differences in mortality. Having compared the patient and injury characteristics of patients across performance quintiles, we compared mortality and complication rates across quintiles. Risk-adjusted mortality rates at individual centers ranged from 0.7% to 12.7%. We examined mean risk-adjusted mortality across quintiles of trauma center performance, and identified clinically significant differences (Table 3) . Although the mean adjusted mortality rate for centers in the highest performing quintile was 5.5%, centers in the quintile of lowest performance had a mean adjusted mortality rate of 10.4% (p Ͻ 0.001). Risk-adjusted complication rates at individual centers ranged from 1.7% to 21.1%. There were significant variations in mean risk-adjusted complication rates across quintiles of overall mortality. The mean adjusted complication rate in the highest performing quintile was 7.7%, compared with 11.1% in the lowest performing quintile (p ϭ 0.026), suggesting that high performing centers had both lower mortality rates and lower complication rates.
Given the differences observed in both mean riskadjusted mortality rates and mean risk-adjusted complication rates across quintiles of hospital performance, it is plausible that differences in mortality rates across centers are due to differing rates of complications. To test this hypothesis, we calculated risk-adjusted mortality rates for each center, with and without incorporating the occurrence of a complica- Mean predicted mortality: mean of centers' predicted mortality rates, as predicted through logistic regression. Mean risk-adjusted mortality: mean of centers' observed, risk-adjusted mortality rates. tion as a covariate. Adjusting for the incidence of complications did not decrease the significant variation in mean risk-adjusted mortality rate across quintiles of hospital performance ( Table 4 ), suggesting that variations in mortality rates across centers are not explained entirely by differences in rates of complications.
To determine whether high performing centers had lower mortality rates as a function of their ability to rescue patients after a complication, we examined outcomes among patients who experienced at least one complication (Table 3) . Among all patients that experienced a complication, mortality was 16.2% (n ϭ 1,181). Risk-adjusted mortality among patients with complications varied significantly across quintiles of overall trauma center mortality. The mean riskadjusted mortality rate after complications ranged from 11.1% in the quintile of centers with the highest performance, to as high as 20.3% in the quintile of centers with the lowest performance (p Ͻ 0.001), suggesting that at least in part, higher performing centers had lower mortality rates due to a lower incidence of death after severe complications.
We considered the possibility that center-level characteristics may be related to differences in mortality rates and complication rates across quintiles of hospital performance. We examined the distribution of patient volume, level of designation, teaching status, and hospital type across quintiles of hospital performance (Table 5 ). There was no significant variation in any of these hospital-level characteristics across quintiles of hospital performance.
DISCUSSION
Trauma center mortality varies significantly across institutions, leading to clinically relevant discrepancies in patient mortality between high-and low-performing centers. Although programs like the Trauma Quality Improvement Program aim to identify best practices at high performing centers, and disseminate these practices across all institutions, the types of practices which lead to significantly improved hospital performance are poorly understood. Previous reports indicate that, in the elective surgical setting, the outcomes of patients who experience in-hospital complications are closely linked to a hospital's overall performance, as measured by mortality. Specifically, although patients at both high and low performing hospitals experienced post-operative complications with equal frequency, high performing hospitals are characterized by lower mortality rates associated with these complications. 4, 5 In this study, we examined the association between trauma center mortality rates, complication rates and mortality rates among patients who experience complications. In contrast to the elective surgical setting, we discovered significant variations in complication rates between high and low mortality centers; centers with the lowest mortality had a 30% lower complication rates than centers with the highest mortality rates. Adjusting for the incidence of complications did not reduce this discrepancy in mortality rates observed between high-and low-performing centers. Furthermore, the mortality among patients who experienced a complication differed widely across centers. Mortality among patients with complications was almost twice as high at low-performing centers when compared with high performing centers. Together, these data strongly suggest that high-performing trauma centers are better at preventing or avoiding complications. In addition, when a complication does occur, successful rescue of those who experience a complication reduces the mortality rate within these high quality centers. These two factors contribute to, and account for, a substantial portion of the variation in mortality observed across trauma centers. In addition, our findings imply that processes of care which aid in the prevention and early recognition of complications, as well as those that enable the rescue of patients with complications, likely contribute to overall trauma center performance.
Given the wide variation of complication rates and failure to rescue rates observed in this study, our data suggest that, among severely injured patients, a significant proportion of complications, and deaths after complications, are poten- 14 Our data suggest that ineffective prophylaxis and delays in diagnosis of complications, in addition to delayed diagnosis of injuries, may be occurring at lower performing centers. In addition, a number of specific mechanisms may account for the observed differences across centers in complication rates and failure to rescue rates. First, an intensivist model of critical care delivery may be relevant to all outcomes studied. This model of critical care delivery has previously been associated with reduced mortality after injury. 15 Furthermore, an intensivist staffing model has been linked to a reduced incidence of complications 16 -18 and an increased use of evidence-based interventions, such as deep vein thrombosis and stress ulcer prophylaxis, spontaneous breathing trials, and interruption of continuous sedation. 19 As such, models of critical care staffing and care may contribute to the observed link between hospital mortality, complication rates, and failure to rescue rates seen in our patient population. Another potential variable which could account for variation in mortality and morbidity seen in our study is the aggressiveness or invasiveness of interventions. This facet represents a delicate clinical balance and is analogous to standing at the edge of the Grand Canyon. Increased use of aggressive interventions has been demonstrated to be associated with increased hospital mortality and may also be associated with an increased number of complications. 2,20 -22 The major limitation of our study is potential underreporting of complications in the NTDB. Internal NTDB analysis and peer reviewed studies have demonstrated that complications may be inadequately documented in the NTDB. 2, 23, 24 It is known that some centers do not report any complications at all, or report only a subset of complications. 23 We attempted to minimize the possibility of poor quality data by applying rigorous center-level inclusion criteria; only centers that consistently reported patient data, and complication data specifically, were included in the study. In addition, the complication rates observed in this study are similar to those reported in previous cohort studies from other, non-NTDB data sources, suggesting that the impact of underreporting was minimal in the selected cohort. 21,25 A further limitation was our exclusion of all centers that would have contributed fewer than 200 patients to the study. Although this was necessary to ensure that rates of rare events (death after a complication) could be reliably captured, the relationship between overall mortality, complication rates and failure to rescue rates may differ at small hospitals with fewer resources.
In conclusion, we have demonstrated extensive riskadjusted variation in the incidence of severe complications across trauma centers. In addition, we have shown that trauma centers characterized by lower overall mortality rates are more successful at avoidance of complications and at rescuing patients that do experience a complication. Our findings suggest that processes that do not enable the prevention and recognition of complications, and that do not facilitate rescue of patients with severe complications, contribute to poor trauma center performance. Conversely, identifying processes of care that lead to more effective prophylaxis, diagnosis, and management of patients who experience complications can significantly modify the outcomes of these patients. These processes of care likely occur early within the injured patient's hospital stay and set a trajectory that undoubtedly impacts on survival. The prevention and management of complications should be targeted as a focused area in which improvements could significantly impact the overall quality of trauma care. They have evaluated variations in morbidity and mortality between trauma centers and attempted to identify reasons for these differences.
In order to answer the questions they have utilized the National Trauma Databank of the American College of Surgeons and performed a retrospective cohort study.
They evaluated the relationship between complications, overall mortality rates, and mortality rates among trauma patients with complications.
They evaluated 76,000 patients at 115 Level I and Level II trauma centers who reported more than 200 patients to the NTDB. They used extensive statistical methodologies to define and compare the groups.
This included predicted probability of death as well as observed and expected death ratios at each trauma center. Actual risk-adjusted mortality rates ranged from .7 to 12.7 percent.
Complications of individual centers ranged from 1.7 to 21 percent. The authors have analyzed these large variations and arrived at certain conclusions.
1. Higher performing centers had lower mortality rates due to a lower incidence of death following severe complications. 2. Patients of both high and low performing hospitals had an equal frequency of postoperative complications. Higher performing hospitals had a lower mortality rate associated with these complications. 3. Mortality in patients with complications is twice as high in low performing centers compared to high performing centers.
The authors state that their findings imply that early recognition of complications and prevention of complications leads to early rescue of patients from these significant problems.
They conclude that processes that do not facilitate the rescue of patients with severe complications contribute to poor performance.
Furthermore, identification of these processes that lead to effective prophylaxis and diagnosis can significantly modify the outcomes of these patients.
Whereas these conclusions appear to be intuitively obvious, it is not clear that their data looked for or identified these processes of care which led to favorable outcomes. This is an important paper which utilized a large database from over 100 trauma centers. An obvious problem, which the authors identified, that there are variables with age, types and severity of injuries, geographic location and the quality of treating physicians and their teams.
They have conducted a statistical tour de force with multiple different levels and kinds of analyses and regressions to attempt to focus the causes of the differences in outcome.
I have a number of questions for the authors. Did they look at or identify time from injury to treatment, delays in treatment or prolonged prehospital time as an important variable in increasing morbidity or mortality?
Were they able to identify from their extensive data mining any specific features which could be used to decrease morbidity and mortality? This would be more helpful than merely identifying processes of care which could lead to more effective care.
Were they able to identify problems with low volume centers versus high volume centers? Were there any important variations in complications and mortality rates with teaching centers versus community centers?
The membership would benefit from greater precision in the recommendations to those centers that have substantial complications and mortality.
Dr. Steven R. Shackford (San Diego, California): Dr. Spain, if you link or combine these two papers it will call to mind a subject that I think we need to consider. If you haven't already done this, please look at the mean age of the patients that had complications at the various centers.
As patients get older, particularly frail patients, surgeons are probably more likely to call palliative care after a complication develops. The first right of the patient is autonomy and they get to pick. Maybe they don't want an aggressive approach. So perhaps that might be worth looking at.
The last time that I looked at the data on rapid response teams -and there was a study I believe out of Australia in the Lancet and I think there was another one done here in the United States -they really didn't have an effect on mortality.
There was no difference in the group -as I recall, but you maybe can put some clarification on that because I think that Don Berwick is continuing to advocate for these RRTs at all hospitals. So please comment on that.
Dr. Patrick Reilly (Philadelphia, Pennsylvania): Two quick questions. One, I was sort of confused. In your risk adjusted complication rate, is that model for all of the complications together or did you come up with a separate model for each of the six complications?
And the second is sort of a statistical question. When you take the impact of complications and failure to rescue from complications, subtract that from the global variation in mortality, does that eliminate the difference between trauma centers? In other words, are complications important, or is it all about complications and failure to rescue? Dr. Rod Smith (Chicago, Illinois): I also wondered if you were able to look at the frequency of the types of complications across the quintiles and also the number of complications because I don't know if you determined that each complication conferred the same amount of risk of death.
Dr. David Harrington (Providence, Rhode Island): Now, point of clarification, you organized by quintiles your adjusted mortality which is essentially observed through expected mortality ratio.
But I don't know whether it's fair to then say that observed to expected mortality ratios and rates of complications because really you would suggest that patients who have a higher predictive or lower predictive survival would have higher complication rates based on their injuries. So is it fair to then look at rates of complications based on O to E ratios and really should you have based it on quintiles of predicted survival because then you'd be looking at places with higher events of complications because they're more severely injured by your predictive model. So I don't know whether that leap follows all the way when you do adjusted mortality as you did.
Dr. Barbara Haas (Toronto): I will try to get through as many questions as I can.
The first question was whether time from injury to treatment or prehospital time could be accounted for. We agree that these are important variables. Unfortunately, we can't reliably capture them in NTDB. We tried to adjust for differences in patient physiologic reserve once they arrived at the emergency department by including such factors as shock and GCS in our model. But that's a valid point that we actually can't capture with the data that we have.
We were unable to identify any specific center level characteristics that were associated with overall performance, so we looked at volume, academic status, for-profit status, as well as Level I and II designation, and all of these were equally distributed across quintiles. So, unfortunately, we weren't able to identify any characteristics there.
Dr. Shackford asked whether mean age might play a role in terms of patients being more likely to be referred to palliative care. We did try to adjust for age but I acknowledge that that adjustment might not have been perfect.The majority of our patients were younger and I think that the overall incidence of patients being so elderly that they're referred to palliative care would have had a relatively minor impact, although that is a valid point and something that should be explored further, particularly if we focus on the outcomes among the elderly.
In terms of rapid response teams, Dr. Shackford is absolutely correct. The literature is actually quite equivocal. I believe that there's the study from Australia, and there is one I believe from England, and one showed that there was benefit and one showed that there was not. I think that the jury is still out on that. And I think it has a lot to do with how they are locally implemented. So I'm not sure that the presence or absence of a rapid response team would account for the differences we observed.
Dr. Reilly asked whether we performed a single model for our complications or multiple ones. We performed a single model that clustered all of our complications because the incidence of some of them was so low that it couldn't be modeled.
Dr. Smith asked me whether the frequency of complications varied. The directionality of the variation was equivalent across quintiles in the sense that they were more frequent in the lowest performing quintiles and less frequent in the highest performing. But there were no significant variations in terms of incidence, and overall, across quintiles, deaths among patients with complications accounted for 22 percent of all deaths. So we were talking about this on our team: roughly, if the lowest performing centers could match the failure to rescue rates of the highest performing centers, their absolute mortality would be reduced by about 1 percent and there would be approximately a 10 percent relative risk reduction. And these are all estimates.
I think I only have time for one more question and I think that's the most important one: were we able to identify processes of care that significantly impacted on rescue of patients. And I think that I can honestly say with NTDB data we can't accurately say that, and although it's a great resource, it can't answer all questions. I think TQIP, which will specifically look at processes of care, will be able to do that much more effectively, as will prospective studies and even qualitative studies that look at such factors as communication between physicians and teamwork. And I think that TQIP and smaller studies are the next step in our investigation.
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